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1.0 INTRODUCTION

This technical memorandum presents a summary of the findings of the National Uranium Resource
Evauation (NURE) Spokane Mountain Exploration Project (Babcock et a 1981) and a discussion
of the Midnite Mine Remedid Investigation/Feasbility Study (RI/FS) background characterization
program. The Spokane Mountain studies were conducted during the period of 1976 to 1981 by
Bendix Field Engineering Corporation (BFEC) to evaluate exploration techniques that could be
used to identify “blind” uranium deposits. The Spokane Mountain uranium depost had previoudy
been ddineated by an exploration drilling program conducted by Western Nuclear in the early
1970's, but has not been developed. Therefore, the area offered a known, unmined buried uranium
deposit at depth that could be used to test the ability of various exploration techniques to identify
favorable areas for uranium minerdization.

The Spokane Mountain uranium deposit was dso chosen by URS, on behdf of the U.S.
Environmenta Protection Agency, to represent an unmined anadog to the Midnite Mine for the
purposes of evauating the natural background concentrations of radionuclides, metals, and other
inorganic parameters in the groundwater, surface water, sediments, and surface materias of the
area, as described in the Midnite Mine Phase 1A Quality Assurance Project Plan (QAPP) (URS
Greiner 1999) and Midnite Mine Phase 2A/1B QAPP (URS 2000). The purpose of thistechnica
memorandum is to further evaluate and describe the RI/FS background characterization program in
light of the data presented in the BFEC report, especidly with respect to the appropriateness and
coverage of the locations sampled during the RI/FS program. Sample locations chosen for the
background characterization should be representative of the range of geologic conditions present
before the area was mined (i.e., minerdized and non-mineradized locations should be included). In
addition, the background analog should be of the same type of deposit as the Midnite Mine with
respect to the host rock geology and origin and geochemistry of the ore materids.
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2.0 GEOLOGIC SETTING

Geologic units exposed in the area, which includes Spokane Mountain and the Midnite Mine,
consst of metasedimentary rocks of the Togo Formation, a series of quartz monzonite intrusions of
Tertiary age, igneous dikes, and adluvid deposts derived from these rocks. The Precambrian Togo
Formation congsts of a sequence of metasedimentary rocks including phyllite, marble, and quartzite,
The unit isin excess of 4,000 feet thick in the area and has been folded and overturned to the east
as part of the regiond northeast-trending Deer Trail Anticline. The Togo Formation has been
intruded by a quartz monzonite stock of Tertiary age that is exposed at the Midnite Mine. This
stock isone of at least eight plutons exposed in the areathat are al considered to be part of the
Loon Lake Batholith (Becraft and Weis 1963). Granite, dacite, pegmatite, and aplite dikes so
occur inthearea. The granite, pegmatite, and gplite dikes are associated with the intrusion of the
quartz monzonite stock. The dacite dikes intrude zones of structura weakness a the Midnite Mine
and were likely feeder dikes for the Sanpoil Volcanics that once covered the entire area (Nash
1975). Unconsolidated materidsin the sudy areainclude resdud soils, colluvium, fluvid
sediments, and glacid debris.

Uranium and other metalic minerd deposits at Spokane Mountain and the Midnite Mine are
localized dong the contact between the Togo Formation and the quartz monzonite intruson and are
congdered to be of primary hydrotherma origin (Barrington and Kerr 1961; Sheldon 1959). The
contact zone paralelsthe Deer Trail Anticline and islocaized aong the Midnite Trend, a northeast-
trending zone of variable width that is delineated by a subpardld adignment of rock types, structures,
geophysical lineaments, and uranium deposits and progpects. The Midnite Trend beginsto the
south of the Midnite Mine, passes through the Midnite and Spokane Mountain deposits, and then
extends to the northeast beyond Sand Creek.
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3.0 NATIONAL URANIUM RESOURCE EVALUATION
STUDY TECHNIQUES

The Spokane Mountain deposit and the surrounding area, which includes the area surrounding the
Midnite Mine, was studied by BFEC for the NURE project during the Spokane Mountain
Exploration Project using geologica, geophysical, geochemica, and emanometric exploration
procedures. Basic geologic information was gathered from the files of Western Nuclear and other
reports on the geology of the area. Geologic studies conducted included the assessment of
subsurface conditions from drill core logs of the ares; interpretation of the environment of ore
deposition, metamorphic effects, dteration, and minerdization from detailed petrographic sudies;
and overviews of regiona dratigraphy, structure, and minerdization. Geophysica techniques
utilized included airborne spectroradiometrics, regiond gravity studies, and magnetic, induced-
polarization, and VLF surveys. Geochemicd studies included stream water and sediment surveys
and soil surveys. Soil geochemica surveys were conducted on three scales to investigete the effect
of the scale sudied on the ability of identify anomdies. Emanometric studies of hdium and radon
digtribution were dso performed over the area to evauate the usefulness of these techniquesin
identifying buried uranium deposits. Figure 1 shows the area covered by the various surveys
conducted by BFEC with respect to the Midnite Mine and other geographic festures. The following
sections summarize the findings of each of the studies conducted for the NURE Spokane Mountain
project and discuss the findings relevant to the Midnite Mine RI/FS background characterization

program.
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4.0 NATIONAL URANIUM RESOURCE EVALUATION
GEOLOGICAL STUDIES

Detailed studies of the mineralogy, petrology, and dteration of rocks from the Spokane Mountain
deposit and the surrounding area were conducted by BFEC for the NURE project. The sudies
were performed on materias supplied by Western Nuclear from over 100 boreholes drilled on
Spokane Mountain and from outcrop hand samples collected at survey points for the geochemica
surveys and other studies. These studies concentrated on the uranium mineralogy and its
relationship to minerdization, dteration, and structure.

Intrusive rocks in the area are classified as porphyritic granite, granodiorite, and quartz monzonite.
These rocks typicaly consst of 30-45% quartz, 25-40% potassium feldspar, 20-35% plagioclase,
and 3-5% bictite or hornblende. Accessory mineras include muscovite, gpatite, magnetite, pyrite,
zircon, rutile, and epidote. Minor ateration, which was caused largely by hydrotherma processes,
is evidenced by corroded or strained quartz grains, cloudy potassum feldspar, sevicitized
plagioclase, and chloritized biotite and hornblende. Al granitic rocksin the area are dtered to some
degree. The degree of dteration is highest near the contact zone where microfractures arefilled
with cdcite, quartz, and muscovite.

The Togo Formation is the primary host rock for uranium minerdization at both Spokane Mountain
and the Midnite Mine. The phyllitic units of the Togo Formation contain abundant graphite and
pyrrhotite. Mineraized zones are characterized by an increase in grain Sze, foliation, and iron
aulfide (pyrite and pyrrhotite) abundances. 1sotopic studies of uranium and lead conducted by Nash
and Ludwig (1979) indicate that the Togo Formation is not the source rock for the uranium found in
the deposdits.

The Spokane Mountain uranium deposit was discovered in 1975 following a 5-year period of
intensive exploration by Western Nuclear. The deposit is gpproximately 150 feet in width by 1,000
feet inlength, and is present at depths ranging from 46 to 152 meters (Robbins 1978). The
Spokane Mountain depost is located gpproximately 2 miles northeast of Midnite Mine. The highest
concentrations of uranium minerdization in the NURE study area were found in the phyllitic facies of
the Precambrian Togo Formation a short distance from the contact with the quartz monzonite
(Babcock et a. 1981). At the Spokane Mountain depost, primary and secondary uranium
mineradization occurs as veinlets and coatings of uraninite (pitchblende) and coffinite dong fractures
and chloritic shear zones within the phyllite and as oxidized uranium minerds (chiefly autunite and
meta-autunite) within the fractured ground of the contact zone. The uranium minerals occur in
associaion with the sulfide minerals arsenopyrite, chal copyrite, sphaerite, molybdenite, pentlandite,
pyrrhotite, and pyrite. Common gangue mineras include graphite, chlorite, bictite, cacite, quartz,
tremolite, muscovite, Sderite, magnetite, epidiote, and clinozoisite.

The occurrence and mineraogy of the Midnite Mine ore bodies is very smilar to thet of the
Spokane Mountain deposit. Prior to mining, the ore bodies a the Midnite Mine were locaized
within the phyllite and cac-slicate hornfels of the Togo Formation adjacent to the contact with the
quartz monzonite intruson (Barrington and Kerr 1961; Becraft and Wels 1963; Nash 1975;
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Sheldon 1959). Eight ore bodies were present at the mine aong the intrusive contact for a distance
of about one mile (Barrington and Kerr 1961). The depth to ore was reported to be lessto 5
meters to about 100 meters (Nash 1975), with two ore bodies having no surface expression
(Barrington and Kerr 1961). Individua ore bodies ranged from afew feet to 700 feet in length and
from afew feet to 200 feet in width with the greatest concentrations of ore occurring above
depressions in subhorizonta intrusive contacts (Barrington and Kerr 1961; Nash 1975). All of the
ore bodies at the Midnite Mine occurred either along the crests of ridges or on steeply doping
Sdehills (Sheldon 1959).

The upper portions of the ore depodits at the Midnite Mine were composed of oxidized uranium
mineras (chiefly autunite and meta- autunite) with uraninite and coffinite predomineting at depth
(Barrington and Kerr 1961; Sheldon 1959; Nash 1975). Uranium mineraization at the Midnite
Mine was associated with deposition of pyrite and marcasite (Nash 1975; Sheldon 1959; Becraft
and Weis 1963) with lesser amounts of arsenopyrite, cha copyrite, sphalerite, molybdenite, and
magnetitie (Barrington and Kerr 1961).
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5.0 NATIONAL URANIUM RESOURCE EVALUATION
GEOCHEMICAL STUDIES

5.1 Geochemical Stream Survey

A stream water and sediment survey was conducted by BFEC for the NURE project (Babcock et
a. 1981) over an area of 105 square miles that includes the Spokane Mountain, Midnite, and
Sherwood uranium deposits (Figure 1 —regiond grid). The area covered by the survey
encompasses dl of the area sampled for the Midnite Mine RI/FS background characterization
program. The stream geochemical data was separated into three subgroups by BFEC on the basis
of the dominant lithology that is being drained by esch area, as shown on Figure 2. The three
subgroups are 1) plutonic rocks dominant (Loon Lake granitic rocks), 2) metasedimentary rocks
dominant (Togo Formation), and 3) the contact zone between the metasediments and plutonic
rocks. The subgroups were established due to the differences between the background eementa
compositions between the plutonic rocks, metasediments, and contact rocks. The subgrouping is
necessary to recognize geochemica anomadies. In addition, streams flowing through these areas
should contain different background chemidry typicd of the materia being drained. The raw
andytical datawere andyzed statigtically and then converted to z-scores (a z-score is equd to the
mean plus the number of standard deviations above the mean for that eement). An dementd
concentration was considered to be anomaousif it was greeter than the mean plus two standard
devidions (z-score greater than two) for that element in that lithologic subgroup. Concentrations
between the mean plus one and two standard deviations were treated as an inferred anomaly.

5.2 Stream-Water Survey Results

Uranium, arsenic, cobalt, copper, and nickel were detected in stream water samples collected from
the area. Figure 3 shows the values of these eementsin the stream watersin z-scores. Cobalt,
nickel, copper, and arsenic were detected at only three locations, dl to the south of the Midnite
Mine. Uranium was detected at many |ocations at concentrations varying from 0.1 to 6,500 z-
scores. The highest vaues were found dong the drainages that flow south from the Midnite Mine
and dong Blue Creek. If the effects of the Midnite Mine are ignored, waters of the pluton-
dominated Area 1 showed higher anomalous vaues of uranium (4.4 to 9.0 z-scores) than those
sampled in contact rock-dominated Area 3 (1.1 to 6.2 z-scores). Samples from the metasedi ment-
dominated Area 2 were al within the background population (0.1 to 0.7 z-scores). The higher
uranium valuesin Area 1 areindicative of draining weathered uraniferous granitic rocks south and
southeast of the Midnite Mine. Four anomdies were found in streams that drain Area 3 contact
rocks. One anomaly (3.2 z-score) is located on atributary along the eastern part of Sand Creek. A
monitoring well was ingtdled and a surface water/sediment sampling location was established at this
location for the Midnite Mine RI/FS background characterization program based on this anomaly.
A second anomaly (6.2 z-score) islocated on Owl Creek downgradient of Spokane Mountain.
Two more uranium anomdaies were detected in the drainage east of the Midnite Mine (z-scores of 6
and 4.2). Thisareaisaso downgradient of Spokane Mountain and the saddle between Spokane
Mountain and the ridge north of the Midnite Mine, but is not downgradient from the Midnite Mine
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itsdlf. Severd anomdies are dso present aong Oyachen Creek, which suggests that an unknown
uranium deposit may exist south of Turtle Lake.

5.3 Stream-Sediment Survey Results

Uranium showed a higher mean concentration in sedimentsin the Area 3 contact rocks (17.7 ppm)
than in sediments from the pluton-dominated Area 1 (16.4 ppm) and metasedimentary-dominated
Area 2 (2.54 ppm). Five uranium-sediment anomdies (in z-scores) were found in the vicinity of the
Midnite Mine, as shown on Figure 4. Two uranium-sediment anomaies and one inferred anomaly
occur downdope (and downgradient) of the Spokane Mountain deposit. The anomaly to the west
of Spokane Mountain coincides with the stream-water uranium anomaly on Owl Creek discussed
above, while that to the east in coincident with a molybdenum sediment anomay. Another uranium-
sediment anomaly exists on atributary to Sand Creek to the northeast of Grouse Ridge and
coincides with the 3.2 z-score stream-water uranium anomay. Aerid radiometric uranium highs
were aso found in proximity to these anomdies (see Section 6.0). A previous stream-sediment
survey conducted by Otton (1976) aso found high uranium in the sediments west and northeest of
Grouse Ridge. These findings collectively suggest that a buried uranium deposit of the
Midnite/Spokane Mountain type may exist beneath Grouse Ridge. Uranium anomalies also occur
along the western part of Sand Creek and on Oyachen Creek, south of Turtle Lake.

Molybdenum anomalies occur to the south of the Midnite Mine, dong Sand Creek to the north of
Spokane Mountain, and in the Owl Creek and Rail Creek drainages (Figure 5). Anomalous
molybdenum in the Rail Creek and Owl Creek sediments is present due to the molybdenum-
tungsten mines in those areas (the Germania Consolidated and Orzada Mines). Molybdenum aso
occurs with uranium in the Midnite Mine and Spokane Mountain deposits.

The digtribution of fluorine, nickel, cobalt, and arsenic in stream sediments of the areadid not
gppear to correlate with the known uranium minerdization. Rare earth ements of the lanthanum-
lutetium series were found to be elevated in sediments near the Midnite Mine and Spokane
Mountain uranium deposits and the Germania Consolidated Mine. Similar rare earth anomdies dso
were found along Sand Creek downgradient of Grouse Ridge.

Statigticd andyss of the stream survey data using the Pearson Correlation Analyss showed positive
correlations of uranium concentrations with cobalt (0.2286), nickel (0.4475), and molybdenum
(0.5466). According to Babcock et d. (1981) the correlation analysis conducted for the NURE
project indicates that molybdenum is the best stream sediment indicator eement for uranium
minerdization (besdes uranium) in the sudy area.

5.4 Geochemical Soil Surveys

Geochemica soil surveys were conducted by BFEC for the NURE project on three scalesin the
study area, as shown on Figure 6. A subregionad survey covered 16 square miles and included the
area of the Midnite Mine and Spokane Mountain deposits and nearly al of the area covered by the
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RI/FS background sampling program. Both known uranium deposits were indicated by the results
of thissurvey. A detalled soil survey was conducted over an area of 0.5 square miles centered over
the Spokane Mountain deposit and was used to identify geochemica hados directly over the uranium
minerdization. An intermediate soil survey was aso conducted that overlgps a portion of the
detailed survey and extends to the southeast to evauate the extent of the geochemicd hao related
to the Spokane Mountain deposit.

Analysis of sdected samples of Midnite Mine ore was performed and reveaded that iron, calcium,
phosphorous, arsenic, copper, nickel, molybdenum, manganese, cobdlt, slver, strontium, and
titanium are associated with uranium minerdization at the Midnite Mine, and presumably, at
Spokane Mountain aswell. Therefore, these dements, among others, were considered by BFEC
to be potentia soil indicator eements for uranium minerdization in the area

5.4.1 Detailed Soil Survey Results

Figure 7 shows the geochemica anomdies identified by the detailed soil survey. For that NURE
survey, sample results were considered to be anomaous if they exceeded two standard deviations
above the mean for that element (greater than 2 z-scores). The dashed outline on Figure 7 indicates
the location of the Spokane Mountain uranium deposit as determined from the Western Nuclear
exploration drilling program. Four uranium anomalies were detected in the detailed grid at locations
which overlie or are periphera to uranium minerdization on Spokane Mountain. Three of the four
anomalies were supported by strong soil-radon anomdies. The fourth uranium anomaly is
supported by the trace elements bismuth, arsenic, slver, and copper. The strong anomalies
displayed by uranium and other pathfinder e ementsin the eastern portion of the area reflect the
shdlower depth to minerdization in this portion of the depogt. Drilling updope of any of these
strong multidement anomalies would have intersected uranium minerdization. Anomalous
concentrations of eements in the soil were placed into three groupings that occur together. The
groupings are described as: 1) coincident —those dements that are closdy associated with soil-
uranium anomdies (radon, bismuth, and barium); 2) internal — those dements that gppear to be
related to one another and occur updope from the soil-uranium anomaies (lead, Slver, arsenic,
copper, nickd, cobat, and vanadium); and 3) periphera — those elements that occur peripherd to
the underlying minerdization (sdenium, molybdenum, and fluorine).

5.4.2 Subregional Soil Survey Results

The subregiond soil survey (328 samples) was conducted for the NURE project over an area of 16
square miles. Samples collected for this survey were grouped according to the underlying rock type
(plutonic or metasedimentary) for Satistical andyss. Means and standard deviations were
cadculated for each dement for both populations. Figure 8 shows the soil geochemicad anomdies
identified a aleve of mean plus one sandard deviation. Comparison of this figure with the
summary map for the detailed soil survey (Figure 7) shows the effects of sample spacing on the

data. For example, dthough the detailed soil survey showed severa uranium anomalies on the north
dope of Spokane Mountain, they are not indicated by the subregional survey. In addition, widdy

URS W:\Projects\53F40018_Midnite_Mine\Sub_00\12.0_Word_Proc\Tech Memos\Bendix Tech_Memo Report.doc 10/15/01 11:33 AM 8
Denver, Colorado



dispersed elementsin the soils are more likely to be detected in alarger survey such asthis. Hence,
cobalt generates soil anomdiesin severa directions from the Spokane Mountain depost andisa
good soil pathfinder dement for uranium mineraization for this survey.

A gtrong nickd anomaly extends to the southwest from the Spokane Mountain deposit and overlaps
a combined uranium, cobalt, and copper anomaly. Very strong radon, helium, and airborne
radiometrics anomalies are dso associated with thisarea. This pattern may be the result of the
indicator elements being dispersed in the soils to the southwest of the deposit, or may indicate that
an extension of the Spokane Mountain deposit exigsin this area dong the contact between the
Togo Formation and the quartz monzonite intrusion. A strong uranium anomaly, associated with
copper, helium, and airborne radiometrics anomalies, is aso seen dispersing to the southwest from
the Midnite Mine.

Two other strong uranium anomalies were detected by the NURE survey. Oneis centered above
Bear Mountain and is associated with radon, slver, arsenic, barium, cobalt, iron, and nicke
anomalies. Based on these anomdies and other observations discussed in subsequent sections of
this technica memorandum, Babcock et a. (1981) concluded that Bear Mountain has a high
uranium exploration potentid. The remaining strong uranium anomaly islocated over Sand Creek
directly to the north of Spokane Mountain. Radon, helium, slver, arsenic, and lead anomalies are
associated with the uranium at thislocation. Magnetic and IP surveys of this area so suggest that
three faults may intersect beneeth thisanomaly. This areaiis underlain by the Togo/quartz monzonite
contact and was aso conddered to be an excdlent target for additiona uranium minerdization. In
addition to these anomalies, aweak uranium anomaly that was centered on Grouse Ridge was
rglected by the study authors because it was not associated with anomal ous radon, helium, or other
pathfinder ements. However, it is associated with a strong manganese anomaly and was indicated
as aweak uranium anomaly by the airborne radiometrics survey, discussed in Section 6.0. In
addition, uranium stream sediment and water anomalies were detected to the northeast of Grouse
Ridge on atributary to Sand Creek, as previoudy discussed.

5.4.3 Intermediate Soil Survey Results

The intermediate soil survey overlapped the northwest corner of the detailed soil survey and was
sampled a a dengity about hdf that of the detailed survey. Figure 9 shows the anomdies identified
from thissurvey. A large uranium anomaly extending to the east from the Spokane Mountain
deposit was dso reveded by the intermediate soil survey. Figure 9 shows associations between
elementd anomdiesthat are smilar to the detailed soil survey. In addition, the summit area of
Spokane Mountain is revealed as a source of geochemicaly anomalous arsenic, cobdlt, iron, nicke,
copper, slver, and barium. The strong multi-element meta's anomalies to the east of the summit of
Spokane Mountain were aso indicated by the subregiona soil survey (Figure 8) but do not have
associated uranium anomalies,
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6.0 NATIONAL URANIUM RESOURCE EVALUATION
GEOPHYSICAL STUDIES

Geophysical methods were utilized during the NURE Spokane Mountain studies to help identify
gructures that might be favorable to uranium minerdization. The methods used were regiond
gravity, airborne and ground magnetics, and Very Low Frequency (VLF)-resstivity surveys. In
addition, induced polarization (1P) was used to identify areas rich in sulfide minerdization and
arborne spectroradiometrics was employed to identify any radiometric sgnature from the area
uranium deposits.

Regiond gravity and magnetic studies revedled the structure of the study area. Figure 10 depictsthe
mgor structuresin the area. The master structura feature is a 9-mile wide shear zonethat is
bounded by N 62° W gravity and magnetic lineaments, and isinterpreted as the westerly extension
of the regiona Lewis and Clark Lineament that is associated with minerdization in the Coeur

d Alenedidrict to the east. This lineament defines the northern limit of the Columbia River Basdt
Province and has been active since the Precambrian. Anadlysis of the regiona aeromagnetic data
indicated an apparent 6.8-mileright laterd offset dong this feature in the sudy area. The other
principa structurd features in the area are the Midnite Trend and Deer Trail Anticline that pardld
each other and trend N 27° E, and Spokane River Fault that trends N 30° W. The Midnite Mineis
located at the intersection of the Lewis and Clark Lineament and the Midnite Trend. Thethree
other identified Midnite-type uranium depositsin the area (Spokane Mountain, Lowley Lease, and
Deer Mountain) dso lie on the Midnite Trend (Figure 10). In addition, the results of the
geochemica studies presented in earlier sections of this technical memorandum indicate that three
additional uranium exploration targets (Bear Mountain, Grouse Ridge, and the area dong Sand
Creek north of Spokane Mountain) aso occur along the Midnite Trend.

A regiond airborne spectroradiometrics survey was conducted in the area. Both the Midnite and
Sherwood Mines generated strong uranium, thorium, and potassum anomadies. A strong uranium
anomaly was detected 1,500 feet southwest of the Spokane Mountain deposit, suggesting that a
southern extension of the Spokane Mountain deposit may exist in the area between the Midnite
Mine and the summit of Spokane Mountain. Thisanomaly islocated along afault zone that passes
through the deposit. Samples of the fault gouge were reported to contain up to 2,550 ppm uranium
(Fleshman and Dodd, 1980). The Spokane Mountain deposit itself did not generate any anomalies
because of the thick overburden present above the uranium minerdization. Uranium anomdies were
aso recorded near Deer Mountain, where uranium mineralization of the Midnite type has been
observed (Becraft and Weis, 1963), and at Grouse Ridge. A strong uranium anomaly was aso
mapped aong Sand Creek near the buried contact between the quartz monzonite and Togo
Formation. Thisanomaous zone pardlds the Midnite Trend and was considered by Babcock et d.
(1981) to be an excdlent exploration target.

The IP survey was performed by Western Nuclear prior to the discovery of the Spokane Mountain
deposit. The survey detected a strong IP anomaly trending northeast dong the Midnite Trend
(Figure 11). Thisanomay was interpreted to represent increased concentrations of iron sulfides
(principdly pyrrhotite) present in the Togo Formation aong the folded area adjacent to the quartz
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monzonite intrusion (IP does not detect uranium). Thisanomaly crosses through Bear Mountain.
The survey results dso suggest that the location of Sand Creek in the vicinity of the survey may be
structurdly controlled.

The VLF resgtivity survey reveded a series of elongated anomaliesthat trend N 20°W. This
aignment corresponds directly to the Midnite Trend. In addition, the strike of the regional Deer
Trall Anticline and the overturned Togo Formétion in the study areadso follow thistrend. The
gtructurd interpretation of the VLF datais provided in Figure 12. The arealabeled as*A”
corresponds to the June Fault, which extends to the northwest from the Spokane Mountain deposit.
The closdly contoured area within the rectangle labeled “C” may reflect the intense dteration of the
Togo Formation in this area, or may be a consequence of the numerous exploration roads and drill
pads cut into the area. The dashed line labeled “D” was interpreted as a fault or the contact zone
between the quartz monzonite and Togo Formation and is close to and pardles Sand Creek. The
sgnificance of the low-resigtivity zones marked E1 through E4 is not known.
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7.0 NATIONAL URANIUM RESOURCE EVALUATION
EMANOMETRIC STUDIES

Radon and helium data were acquired by BFEC for the NURE project for two survey gridsin the
project area. The subregiona radon and helium grid covered the same area as that covered by the
subregiond soil grid (see Figure 6) and consisted of 289 sample locations. A detailed sampling grid
(187 sample locations) covering 0.5 square miles centered on the Spokane Mountain deposit was
aso conducted. Statistics were calculated for each of three rock typesin the survey: Togo
Formation, porphyritic quartz monzonite, and equigranular quartz monzonite. Anomalies were
identified in areas where the radon or helium concentrations were grester than the mean plus three
gtandard deviations. Vaues between the mean plus two standard deviations and mean plus three
gtandard deviations were consdered to be an inferred anomaly.

7.1 Subregional Survey Results

An area of overlapping radon and helium anomalies was detected by the NURE surveys to the west
of the Spokane Mountain deposit dong the contact zone between the quartz monzonite and Togo
Formation (see Figure 8). Thislocation is supported by an airborne radiometric anomaly. In
addition, secondary uranium mineralization was reported in this area by Boudette and Weis (1956)
and Western Nuclear penetrated low-grade uranium mineraization while drilling in the area (Nesbitt,
1980). A srong helium anomay was aso found to be associated with the Midnite Mine.
Insufficient radon samples were collected in the Midnite Mine area to evaluate the presence of
anomadies. Radon and hdium anomalies were aso found to the north of Spokane Mountain along
Sand Creek, and near Grouse Ridge (Figure 8). The Spokane Mountain deposit was not detected
by the subregiona survey.

7.2 Detailed Survey Results

Two strong helium anomalies were detected by the NURE surveys dong the trace of the June Faullt,
west of the Spokane Mountain deposit. Radon anomalies were detected on the east side of the
Spokane Mountain deposit (see Figure 7). Thisareaiis underlain by uranium minerdization at
depths of only about 30 feet. Radon anomalies were not detected directly over the centra part of
the deposit where there is strong mineraization. Babcock et a. (1981) attributed the lack of a
radon signa over the deposit to the presence of severd hundred feet of overburden and the
gpparent lack of permeable pathways to the surface caused by filling of fractures during
minerdization.
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8.0 DISCUSSION OF THE BACKGROUND
CHARACTERIZATION PROGRAM

Background conditionsin the vicinity of the Midnite Mine are currently being investigeted by the
U.S. EPA as part of the Midnite Mine RI/FS Study, as described in the Phase 1A QAPP (URS
Greiner 1999) and the Phase 2A/1B QAPP (URS 2000). The QAPPs specify the approach for
characterizing background concentrations of metals and radionuclides in stream sediments, stream
water, groundwater, and surface materids. For al media, “background” is defined as the range of
chemica/radiologica concentrations that are naturdly occurring in the Site vicinity, in areas
unaffected by previous mining operations. The gpproach being used to characterize background
conditionsis to measure natural congtituent concentrations at locations that: (1) are near the Mined
Area (the area of actua disturbance caused by mining activities) and Potentialy Impacted Area
(undisturbed but potentially impacted areas surrounding the Mined Ared); (2) have smilar
hydrogeologic characterigtics to the Midnite Mine; (3) have not been affected by mining; and (4) are
accessble for drilling and sampling activities. The essence of this gpproach is that concentretions
messured in surface water, groundwater, sediment, and surface materids a the selected
background sampling locations are representative of the natural range of concentrations that were
present a the Midnite Mine Ste prior to mining.

The NURE Spokane Mountain studies provide considerable data that demondtrate that the areas
sdected for the background sampling are geologicaly and geochemicaly smilar to the Midnite Mine
prior to mining, and therefore are appropriate as ana ogs to the unmined Midnite Mine site. For the
RI/FS study, this NURE information was used to sdect RI/FS background sampling locations
representative of both mineralized and unmineraized conditions.

The Spokane Mountain uranium deposit and surrounding area was investigated using various
exploration techniques by BFEC as part of the NURE program (Babcock et a. 1981), as
described in previous sections of this document. In summary, uranium deposits a Spokane
Mountain and the Midnite Mine are locdized aong the contact between the Togo Formation and
the quartz monzonite intruson. The contact zone pardlelsthe Deer Trail Anticline and is localized
aong the Midnite Trend, a northeast-trending zone of variable width that is delineated by a
subpardld dignment of rock types, structures, magnetic and IP lineaments, and uranium deposits
and prospects. Two other uranium prospects, the Lowley Lease and the Deer Mountain prospect,
have been identified along thistrend. Survey results from the NURE study aso indicate that
additiona buried uranium minerdization may be present a& Bear Mountain, & Grouse Ridge, and
north of Spokane Mountain dong Sand Creek.

The Midnite Mine RI/FS background characterization program overlaps much of the area covered
by the NURE Spokane Mountain studies described above. Surface water, groundwater,

sediments, and surface materials were sampled at various locations within thisarea. Table 1 ligsthe
Midnite Mine RI/FS groundwater, surface water, and sediment background sampling locations and
their relaionship to the geochemica and geophysica anomdies identified by the NURE Spokane
Mountain studies. In addition to the groundwater, surface water, and sediment background
locations, two background surface materia sampling grids containing twenty composite sample
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locations each were dso established and sampled. At each selected sampling location within the
two grids, composite surface materid samples were collected at two depths as described in the
Phase 2A/1B QAPP (URS 2000). Measurements of background external gamma radiation, radon
flux, and airborne radon were aso obtained within these grids.

Figure 13 shows the locations of the RI/FS background sampling locations with respect to the
regiond structurd features and geochemica and geophyscd anomadiesidentified by the NURE
Spokane Mountain studies. Ingpection of Figure 13 and Table 1 reved s that most of the monitoring
wells and stream sampling sites for the RI/FS background program are located within the area of
contact-dominated rocks defined by the NURE project which includes both mineralized and non-
minerdized rocks. Midnite Mineis aso located within the area of contact-dominated rocks as
defined in Babcock et a. (1981). Four background monitoring wells and two stream sampling Sites
for the RI/FS are located within the pluton-dominated area. There are no background sampling
locations | ocated within the metasediment-dominated area (Figure 2). However, the geochemica
data presented in Babcock et d. (1981) show that the contact-dominated rocks have the highest
mean uranium concentrations in sediments and the pluton-dominated rocks the highest uranium
concentrations in stream water. Samples from the metasedimentary-dominated rocks are unlikely to
have higher concentrations than those from the other two rock types sampled. In addition, the
metasedimentary-dominated rocks are located two or miles from the Midnite Mine Ste and are not
representative of the pre-mining lithology at the mine site. Therefore, for the purpose of identifying
the naturad upper threshold vaue for uranium in stream sediments and water, the background
locations sampled for the RI/FS should be adequate.

Figure 13 aso shows the locations of the uranium anomdies identified by BFEC in sediments (grey
dots) and soils (cross-hatched areas). Anomdies of other trace metds, radon, helium, and airborne
equivadent uranium are dso shown where they coincide with these uranium anomdies. Uranium
anomalies are located to the southwest of the Midnite Mine; to the west, north, and east of Spokane
Mountain; east of Bear Mountain; and to the north of Spokane Mountain adong Sand Creek. All of
these anomalies essentidly lie on the Midnite Trend. Sampling of sediment and surface water was
conducted for the RI/FS background program downgradient from all of these features (Table 1).

For the RI/FS, groundwater and sediment samples (monitoring well MWBA-05 and sampling
location SDBK-14) were dso collected downgradient of the uranium stream-sediment anomaly
located near the northeast corner of the map on atributary to Sand Creek, and on Owl Creek
downgradient from another uranium stream-sediment anomay (monitoring well MWBA-08). Three
RI/FS background groundwater monitoring wells are thought to be screened within unmined
uranium ore. Monitoring wells MWBB-04 and MWBB-05 were screened within the upper ore
zone of the Spokane Mountain uranium deposit. Monitoring well MWNW-06 appears to be
screened within an unmined extengion of the Midnite Mine Pit 4 orebody or a separate unmined ore
body. Monitoring well MWBB-03 and stream water/sediment sampling location SDBK -
08/SWBK-08 are located adong an extension of the Spokane Mountain deposit on the trace of the
June Fault. RI/FS sediment sample locations located dong the northeast part of Sand Creek are
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aso downgradient from the smal uranium deposit identified e Deer Mountain (not shown on Figure
13).

The background mineraized surface materia sampling grid was located above the known extent of
the Spokane Mountain deposit to sample surface materia's anal ogous to those that existed above
the Midnite Mine orebodies prior to mining. These background sampling locations are
representative of minerdized conditions that existed at the Midnite Mine Site prior to mining.

In accordance with the strategy discussed in the QAPP to characterize the range of background
concentrations of dte-related congtituents, the NURE data was aso used to select background
sampling locations for the RI/FSin areas that do not appear to be mineralized. These locations
include groundwater monitoring wells MWBA-02, MWBA-03, MWBA-04, and MWBA-06, and
surface water/sediment sampling locations SWBK-02/SDBK-02, SWBK-04/SDBK-04, SWBK -
05/SDBK-05, and SWNW-03/SDNW-03. The background non-mineraized surface materia
sampling grid for the RI/FS was dso located in an areawhere no geochemical anomalies were
identified by the NURE Spokane Mountain studies.
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TABLE1

MIDNITE MINE RI/FSBACKGROUND GROUNDWATER, SURFACE WATER
AND SEDIMENT SAMPLING LOCATIONS

Site Dominant Associated Geophysical/
ID Matrix Rock Typet Associated Upgradient Metal Anomalies Structural Anomalies
MWBA-02 Alluvid groundwater Pluton None None
MWBA-03 Alluvid groundwater Pluton None None
MWBA-04 Alluvid groundwater Pluton None None
MWBA-05 Alluvid groundwater Contact Sediment uranium None
MWBA-06 Alluvid groundwater Pluton None None
MWBA-07 Alluvid groundwater Contact Soil uranium and lead; emanometric radon; sediment uranium Induced Polarization
MWBA-08 Alluvid groundwater Contact Sail uranium, nickel, copper, and cobalt; emanometric radon and helium; sediment uranium | Airborne uranium; Deer Trail Anticline
MWBA-09 Alluvid groundwater Contact Soil uranium, silver, and lead; emanometric radon Deer Trail Anticline
MWBA-10 Alluvid groundwater Contact Sail uranium, arsenic, lead, and silver; emanometric radon and helium Deer Trail Anticline
MWBB-01 Bedrock groundwater Contact None Induced Polarization; VLF; June Fault
MWBB-02 Bedrock groundwater Contact Sail uranium, nickel, copper, and cobalt; emanometric radon and helium Airborne uranium
MWBB-03 Bedrock groundwater Contact Soil uranium, silver, and lead; emanometric radon VLF; June Fault
MWBB-04 Bedrock groundwater Contact Sail uranium Induced Polarization; VLF; June Fault
MWBB-05 Bedrock groundwater Contact None Induced Polarization; VLF; June Fault
MWNW-01 Bedrock groundwater Contact None None
MWNW-02 Bedrock groundwater Contact None None
MWNW-03 Bedrock groundwater Contact None None
MWNW-04 Bedrock groundwater Contact None None
MWNW-06 Bedrock groundwater Contact Sail uranium, nickel, copper, and cobalt; emanometric radon and helium Airborne uranium
SWBK-01/ SDBK-01 | Surface water/sediment Contact Soil uranium and copper Airborne uranium; Deer Trail Anticline
SWBK-02 / SDBK-02 | Surface water/sediment Contact None None
SWBK-03 / SDBK-03 | Sediment Contact None None
SWBK-04 / SDBK-04 | Surface water/sediment Pluton None None
SWBK-05/ SDBK-05 | Sediment Pluton None None
SWBK-06 / SDBK-06 | Sediment Contact Sail uranium, nickel, copper, and cobalt; emanometric radon and helium Airborne uranium
SWBK-07 / SDBK-07 | Sediment Contact Soil uranium and lead; emanometric radon; sediment uranium Induced Polarization
SWBK-08/ SDBK-08 | Sediment Contact Soil uranium, silver, and lead; emanometric radon VLF; June Fault
SWBK-09 / SDBK-09 | Surface water/sediment Contact Sail uranium, arsenic, lead, and silver; emanometric radon and helium Deer Trail Anticline
SWBK-10/ SDBK-10 | Sediment Contact Soil uranium, lead, and silver; emanometric radon Deer Trail Anticline
SWBK-11/ SDBK-11 | Surface water/sediment. Contact Sail uranium, arsenic, lead, and silver; emanometric radon and helium; sediment uranium None
SWBK-12 / SDBK-12 | Surface water/sediment Contact Sail uranium, arsenic, lead, and silver; emanometric radon and helium None
SWBK-13 / SDBK-13 | Surface water/sediment Contact Sediment uranium Induced Polarization
SWBK-14 / SDBK-14 | Sediment Contact Sediment uranium None
SWBK-15/ SDBK-15 | Sediment Contact None None
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TABLE1

MIDNITE MINE RI/FSBACKGROUND GROUNDWATER, SURFACE WATER

AND SEDIMENT SAMPLING LOCATIONS

Site Dominant Associated Geophysical/
ID Matrix Rock Typet Associated Upgradient Metal Anomalies Structural Anomalies

SWBK-16 / SDBK-16 | Surface water/sediment Contact None None
SWBK-17 / SDBK-17 | Surface water/sediment Contact Soil uranium, iron, cobalt, and nickel; emanometric radon Induced Polarization
SWBK-18 / SDBK-18 | Surface water/sediment Contact Soil uranium and lead; emanometric radon; sediment uranium Induced Polarization
SWBK-19 / SDBK-19 | Surface water/sediment Contact None Induced Polarization

SWBK-20 Surface water Contact None None

SWBK-21 Surface water Contact None Deer Trail Anticline

SWBK-22 Surface water Contact None None

SWBK-23/ Surface water/sediment Contact None Induced Polarization; VLF; June Fault

SDBK-23

SWBK-24 Surface water Contact None None
SWNW-01 / SODNW-01 | Surface water/sediment Contact Soil uranium, nickel, copper, and cobalt; emanometric radon and helium Airborne uranium
SWNW-02 / SODNW-02 | Surface water/sediment Contact None None
SWNW-03 / SODNW-03 | Surface water/sediment Contact None None

Pluton-dominated or hydro thermal contact-dominated rocks as described by Babcock et al (1981)
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9.0 CONCLUSIONS

The NURE Spokane Mountain studies have provided awedlth of information concerning the aregl
digtribution of minerdization, the background concentrations of metals and radionuclides, regiond
structure and rock types, and recognition of geochemica soil, water, and stream-sediment
anomdiesin the area surrounding the Midnite Mine. The area of the regiona stream-water and
stream-sediment surveys conducted by BFEC encompasses the area sampled for the EPA’s RI/FS
background characterization program. Soil surveyswere also conducted by BFEC and covered
most of the background area. Results from the NURE geochemica surveys, combined with the
NURE results from arborne radiometric and geophysicd surveys, identified anomaous
concentrations of uranium, trace metds, radon, and helium in the vicinity of the Midnite Mine and
the Spokane Mountain uranium deposit. 1n addition, BFEC identified three other areas as
sgnificant exploration targets for additiona uranium minerdization. These areas are located on Bear
Mountain, Grouse Ridge, and north of Spokane Mountain dong Sand Creek.

For the EPA’ s RI/FS project, URS collected samples of groundwater, stream water, and stream
sediments during the fal of 1999 and spring and fal of 2000 from locations downgradient of al of
the uranium anomdies identified by the NURE study in the background area. RI/FS background
samples of groundwater, stream water, and stream sediments were also collected in and
downgradient of non-minerdized areas identified by the NURE study. In addition, surface materias
were sampled in two grids representing mineralized and non-mineraized background conditions.
The areas sampled for the RI/FS to characterize background congtituent levels are analogous to the
Midnite Minein terms of geologic setting and the geochemica processes that caused the
minerdization and depogtion of uranium and other metas. Consequently, the RI/FS background
characterization program has sampled locations that are unaffected by mining activities and that
represent the range of natural concentrations of metals and radionuclides in the sediments, surface
water, groundwater, and surface materids near the Midnite Mine.
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